Abstract According to modern physics and cosmology, the universe expands at an increasing rate as the result of a "dark energy" that characterizes empty space. Although dark energy is a modern concept, some elements in it can be traced back to the early part of the twentieth century. I examine the origin of the idea of zero-point energy, and in particular how it appeared in a cosmological context in a hypothesis proposed by Walther Nernst in 1916. The hypothesis of a zero-point vacuum energy attracted some attention in the 1920s, but without attempts to relate it to the cosmological constant that was discussed by Georges Lemaître in particular. Only in the late 1960s, was it recognized that there is a connection between the cosmological constant and the quantum vacuum. As seen in retrospect, many of the steps that eventually led to the insight of a kind of dark energy occurred isolated and uncoordinated.
Introduction
Since the late 1990s, when observations of type Ia supernovae showed the expansion of the universe to be increasing, the "dark energy" supposed to be responsible for the acceleration has been a hot topic in physics and cosmology. The standard view is that the dark energy-a name coined in connection with the discovery 1 -is a manifestation of the cosmological constant introduced by Einstein nearly a century ago. There is another side of the new of mysterious form of cosmic energy. From the perspective of quantum field theory, empty space is characterized by a "zero-point energy," which has the property that its associated pressure is negative and thus makes space expand. To many physicists and cosmologists, the cosmological constant and the zero-point energy density of vacuum are just two names for the same thing. 2 This article is not really about dark energy, but it deals with what might be called the prehistory of some of the key elements that eventually coalesced into the modern concept of dark vacuum energy. In this sense, namely, that an account of the past is structured and selected with an eye on the present, it may be said to be teleological or "presentist" history of science. However, I do not allow present knowledge to interfere with my description of the events of the past and thus do not violate accepted historiographical standards.
This article is largely limited to the period from about 1910 to 1935, a period that with some justification can be called the childhood of vacuum energy. It is possible to trace the concept further back in time, even to the days of Newton. 3 However, if one wants to point to pre-quantum and pre-relativity analogies to dark energy, a more sensible arena might be the ethereal worldview of the late nineteenth century. The general idea that cosmic space is permeated by an unusual form of hidden energy-a dark energy of some sort-was popular during the Victorian era, where space was often identified with the ether. The generally accepted ethereal medium existed in many forms, some of them assuming the ether to be imponderable while others assuming that it was quasi-material and only differed in degree from ordinary matter. The ether was sometimes thought of as a very tenuous, primordial gas. According to the vortex theory, cultivated by British physicists in particular, the discreteness of matter (atoms) was epiphenomenal, derived from stable dynamic configurations of a perfect fluid. This all-pervading fluid was usually identified with the continuous ether. The highly ambitious vortex theory was not only a theory of atoms, it was a universal theory of ether (or space) and matter, indeed of everything. 4 The point is that by the end of the nineteenth century, few physicists thought of "empty space" as really empty, but rather as filled with an active ethereal medium. H. A. Lorentz and other physicists in the early twentieth century often spoke of the ether as equivalent to a vacuum, but it was a vacuum that was far from nothingness. 5 Although Lorentz was careful to separate ether and matter, his ether was "the seat of an electromagnetic field with its energy and its vibrations . . . [and] endowed with a certain degree of substantiality." 6 However, the popular belief in a dynamically active ether was rarely considered in astronomical or cosmological contexts.
Among the firm believers in the ether as a storehouse of potential energy was the English physicist Oliver Lodge, who has been called a "remote ancestor" of the modern 2 Peebles and Ratra (2003) is a comprehensive and historically informative review. See also the critical analysis in Rugh and Zinkernagel (2002) , where the concept of vacuum energy is dealt with from the perspective of philosophy of science. 3 Calder and Lahav (2008) .
